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Key Points
Question
Is primary intraocular lens implantation associated with improvements in the long-term visual outcome for
infants undergoing unilateral congenital cataract surgery?
Findings
This randomized clinical trial of 114 patients who underwent treatment for unilateral congenital cataract,
with or without intraocular lens implantation, between ages 1 and 6 months found that visual acuity at age
10.5 years was not significantly different between the 2 treatment groups.
Meaning
Results of this randomized clinical trial showed that implanting an intraocular lens at the time of cataract
surgery extraction was neither beneficial nor detrimental to the visual outcome in children with unilateral
congenital cataract.

Abstract
Importance
Although intraocular lenses (IOLs) are often implanted in children, little is known whether primary IOL
implantation or aphakia and contact lens correction results in better long-term visual outcomes after
unilateral cataract surgery during infancy.
Objective
To compare long-term visual outcomes with contact lens vs IOL correction following unilateral cataract
surgery during infancy.
Design, Setting, and Participants
This multicenter randomized clinical trial enrolled 114 infants with a unilateral congenital cataract who
underwent cataract surgery with or without primary IOL implantation between 1 and 6 months of age.
Data on long-term visual outcomes were collected when the children were age 10.5 years (July 14, 2015,
to July 12, 2019) and analyzed from March 30 through August 6, 2019.
Interventions
Intraocular lens implantation at the time of cataract surgery.
Main Outcomes and Measures
Best-corrected visual acuity using the electronic Early Treatment Diabetic Retinopathy Study (E-ETDRS)
testing protocol. Analysis was performed on an intention-to-treat basis.
Results
https://www-ncbi-nlm-nih-gov.medproxy.hofstra.edu/pmc/articles/PMC7042945/?report=printable
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Best-corrected visual acuity was measured at age 10.5 years for 110 of the 114 patients (96%) enrolled as
infants. The participants included 58 girls (53%) and 52 boys (47%). Overall, 27 of the children (25%) had
good (logMAR 0.30 [Snellen equivalent, 20/40] or better) visual acuity in the treated eye (12 [22%] in the
IOL group and 15 [27%] in the aphakia group), but 50 children (44%) had a visual acuity of logMAR 1.00
(Snellen equivalent, 20/200) or worse (25 [44%] in the IOL group and 25 [44%] in the aphakia group).
The median logMAR acuity in the treated eye was similar in children randomized to receive an IOL at the
time of cataract extraction (0.89; interquartile range [IQR], 0.33-1.43 [Snellen equivalent, 20/159]) and
those who remained aphakic (0.86; IQR, 0.30-1.46 [Snellen equivalent, 20/145]) (IQR, 0.30-1.46; P = .82).
Although the overall difference in median visual acuity between the 2 groups was small, the estimate was
imprecise (99% CI for the difference in medians was −0.54 to 0.47).
Conclusions and Relevance
As in previous phases of the study, visual acuity outcomes were highly variable with only 27 children
(25%) achieving excellent visual acuity in their treated eye and 50 children (44%) having poor vision in
the treated eye. Implanting an IOL at the time of cataract extraction was neither beneficial nor detrimental
to the visual outcome.
Trial Registration
ClinicalTrials.gov Identifier: NCT00212134

Introduction
Intraocular lenses (IOLs) are being used increasingly to focus eyes in children after cataract surgery.1,2,3
Compared with aphakic contact lenses and eyeglasses, IOLs have the advantage that partial optical
correction is worn at all times. However, there is a general reluctance to implant IOLs in young children
because their eyes can develop large refractive errors later in childhood and they have a higher risk of
developing visual axis opacities after IOL implantation.4,5
The Infant Aphakia Treatment Study (IATS) is a multicenter randomized clinical trial comparing visual
outcomes following cataract surgery with or without IOL implantation in infants aged 1 to 6 months with a
unilateral congenital cataract.6 The IATS previously reported that grating acuities at age 12 months and
HOTV acuity testing system results at age 4.5 years were similar for children randomized to receive an
IOL at the time of cataract extraction compared with those who did not receive an IOL.7,8 However, the
sensitive period for visual development, particularly in eyes affected by congenital cataracts, can extend
beyond age 4.5 years.9,10,11 Therefore, this article extends our earlier results by comparing visual acuity
outcomes in patients randomized to these 2 treatments at age 10.5 years using the electronic Early
Treatment of Diabetic Retinopathy Study (E-ETDRS) testing protocol after the sensitive period for visual
development had been completed. The trial protocols are available in Supplement 1.

Methods
This study, supported through a cooperative agreement with the National Eye Institute of the National
Institutes of Health, was conducted by the IATS Group at 12 clinical sites. The hypothesis of the study was
that primary IOL implantation in an infant with a unilateral congenital cataract would result in a better
visual outcome than leaving the eye aphakic and optically correcting it with a contact lens. The study
design, eligibility criteria, method of randomization, sample size determination, surgical techniques,
patching and optical correction regimens, evaluation methods, and patient characteristics at baseline have
been reported previously.6,7,12 To maintain consistency within the randomized groupings, patients left
aphakic were not eligible for an IOL implant until age 5 years without approval from the IATS executive
committee. Intraocular lens implantation after age 5 years was at the discretion of the investigator. This
https://www-ncbi-nlm-nih-gov.medproxy.hofstra.edu/pmc/articles/PMC7042945/?report=printable
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study was approved by the institutional review boards at all participating institutions and was in
compliance with the Health Insurance Portability and Accountability Act and Declaration of Helsinki.13
Written informed parental consent was obtained from all parents and written assent was obtained from all
patients. Participants received financial compensation.
Clinical Examination
A follow-up clinical examination was performed by IATS-certified investigators (including S.R.L., S.J.K.,
and D.R.W.) at age 10.5 years ±3 months. To ensure that the visual acuity obtained represented the bestcorrected visual acuity, a cycloplegic refraction was performed on the date of testing for both the treated
and untreated eyes at least 30 minutes after the topical instillation of cyclopentolate, 1.0%, and
phenylephrine, 2.5%, drops. When possible, an autorefraction was performed and the prescription was
verified with subjective refinement. Eyes wearing a contact lens were refracted both with and without the
contact lens on the eye. If the child was wearing a contact lens, the type and power of the contact lens was
documented. If the child was wearing eyeglasses, the spectacle correction was documented.
Visual Acuity Assessment
Optotype acuity was assessed using the E-ETDRS testing protocol.14 Patients wearing a contact lens were
tested wearing their current contact lens. Any residual refractive error was corrected in trial frames. The
child wore his or her aphakic correction in trial frames for visual assessment if a child was randomized to
contact lens correction and had discontinued contact lens wear and had not received a secondary IOL.
Children with pseudophakia had their vision tested wearing their cycloplegic refraction in trial frames.
Visual acuity was initially assessed using both eyes. Monocular visual acuity was then tested starting with
the aphakic/pseudophakic eye. The eye not being tested was occluded using frosted occluder glasses
(Good-Lite) to minimize the amplitude of latent nystagmus under monocular conditions. The initial testing
distance was 3 m. If the child was unable to see a 20/800 letter at this distance, the distance was decreased
to 1 m. If the child was unable to detect a 20/800 letter at 1 m, then E-ETDRS testing was stopped for this
eye and the tester proceeded to test for hand motion at 0.66 m. If hand motion was not present, the eye was
assessed for light perception or no light perception following standard protocols.12 The letter scores were
then converted to logMAR acuity.14 Hand motion acuity was assigned a logMAR acuity of 2.64; light
perception acuity, 2.78; and no light perception acuity, 2.93.15
Statistical Analysis
Monocular visual acuities in the treated and untreated eyes and binocular visual acuity were compared
between the treatment groups using the Wilcoxon rank sum test. The patients were analyzed on an
intention-to-treat basis. The categorized difference between binocular vision and the monocular visual
acuity in the best-seeing eye of the same patient was compared between treatment groups using a χ2 test. A
nonparametric test was used because of the skewed distribution of the data in the treated eye and because
of the assignment of visual acuity values for patients with low vision below the level detectable with the EETDRS testing protocol. Bootstrap methods were used to calculate the 99% CI for the difference between
the median visual acuities in the 2 treatment groups. The Kruskal-Wallis test was used to compare visual
acuities in the aphakia group between patients who had a secondary IOL, those wearing a contact lens,
those only wearing eyeglasses, and those wearing no optical correction. Age at the time of testing was
compared between treatment groups using an independent-group t test. In the aphakia group, private
insurance rates were compared between patients who continued to wear a contact lens and those who did
not, using a χ2 test. In the aphakia group, mean reported adherence to contact lens wear and patching
therapy from the age of 4 to 5 years was compared between patients who continued to wear contact lenses
and those who did not using an independent group t test. Adherence to contact lens use and patching
therapy was assessed using caregiver adherence interviews.16,17 All reported P values are 2-sided without
https://www-ncbi-nlm-nih-gov.medproxy.hofstra.edu/pmc/articles/PMC7042945/?report=printable
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adjustment for multiple testing. Findings were considered significant at P < .05. Statistical analysis was
conducted using SAS, version 9.4 (SAS Institute Inc); data were analyzed from March 30 through August
6, 2019.

Results
Patient Characteristics
Of the original 114 participants, 4 children (4%), 2 from each treatment arm, were lost to follow-up. The
remaining 110 participants (96%) were examined between July 14, 2015, and July 12, 2019, at a mean
(SD) age of 10.6 (0.3) years in the IOL group (n = 55) and 10.6 (0.3) years in the aphakia group (n = 55)
(P = .86) (Figure 1). The participants included 58 girls (53%) and 52 boys (47%). Overall, 78 of the
patients (71%) were tested in the window (10.5 years ±3 months), 9 patients (8%) were tested before age
123 months, and 23 children (21%) were tested after age 129 months. Visual acuity was not obtained for 1
participant in the aphakia group.
Seven children in the IOL group underwent an IOL exchange. A secondary IOL was implanted in 24 of the
55 children (44%) tested who were randomized to the aphakia group; the other 31 children did not receive
an IOL for aphakia. For the 31 children who remained aphakic, 18 continued to wear a contact lens
(silicone elastomer, n = 6; rigid gas permeable, n = 6; hydrogel, n = 5; and silicone hydrogel, n = 1); 9 were
wearing only eyeglasses, and 4 were not wearing any optical correction device. All 18 of the children in
the aphakia group who continued to wear a contact lens had their vision tested wearing their contact lens
correction.
Monocular Visual Acuity
Twelve treated eyes (22%) randomized to receive an IOL and 15 eyes (27%) originally left aphakic had a
visual acuity of 20/40 or better, but 25 eyes (44%) randomized to receive an IOL and 25 eyes (44%) eyes
originally remaining aphakic had a visual acuity of logMAR 1.00 (Snellen equivalent 20/200) or worse (P
= .97). Overall, the logMAR best-corrected visual acuity for the treated eyes was variable, ranging from
0.00 to 2.93 with a median of 0.89 (Snellen equivalent, 20/159) (interquartile range [IQR], 0.33-1.43). The
median visual acuity for children randomized to aphakia was 0.86 (Snellen equivalent, 20/145) (IQR, 0.301.46) and for children randomized to receive an IOL was 0.89 (Snellen equivalent, 20/159; IQR, 0.381.38) (P = .82) (Figure 2 and Figure 3). Although the overall difference in median visual acuity between
the 2 groups was small, the estimate was imprecise (99% CI, −0.54-0.47 for the difference in medians).
In the aphakia group, the median logMAR acuity was best for children who continued to wear a contact
lens correction (contact lens [n = 18], 0.37 [Snellen equivalent, 20/47]; IQR, 0.22-0.82) compared with
children who underwent secondary IOL implantation (n = 24) (0.92 [Snellen equivalent, 20/166]; IQR,
0.36-1.44), wore eyeglasses (n = 9) (1.46 [Snellen equivalent, 20/577]; IQR, 1.18-1.88), or no correction
(n = 4) (1.60 [Snellen equivalent, 20/796]; IQR, 1.44-2.22) (P < .001). Children in the aphakia group who
continued to wear a contact lens correction were more likely to have private insurance (83% vs 54%; P
= .03), report spending a higher percentage of their waking hours patching the untreated eye (3.7 vs 2.2
hours/d, P = .05), and report wearing their contact lens a higher percentage of their waking hours (85% vs
61%; P = .05) from age 4 to 5 years.
The median logMAR visual acuity for the untreated eyes was similar in both treatment groups (99% CI for
the difference in medians between the aphakia and IOL groups, −0.04 to 0.10) (Figure 4). Three untreated
eyes (6%) in the aphakia group and 6 untreated eyes (11%) in the IOL group had visual acuity of logMAR
0.2 (20/32) or worse (P = .32). Three children in the IOL group likely had anisometropic amblyopia in
their untreated eyes. One of these children had hyperopic astigmatism (+5.25 + 2.25 × 78 diopters [D]) in
their untreated eye and 2 had high myopia (−17.00 D, −8.75 + 4.00 × 85 D). The child with hyperopic
astigmatism had better visual acuity in his treated eye (20/25) than his untreated eye (20/32) at age 10.5
https://www-ncbi-nlm-nih-gov.medproxy.hofstra.edu/pmc/articles/PMC7042945/?report=printable
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years, and the child with high myopia had better vision in his treated eye until age 10 years when he
developed a retinal detachment in his treated eye. The cause of the reduced vision in the untreated eyes of
the other 6 children is uncertain.
Binocular Visual Acuity
Binocular vision was evaluated in 53 children in both treatment groups. Median logMAR binocular vision
was similar for both treatment groups (aphakia group: 0.02 [Snellen equivalent, 20/21]; IQR, −0.08 to 0.06
vs IOL group: −0.02 [Snellen equivalent, 20/19]; IQR, −0.08 to 0.08; P = .44) (99% CI for the difference
in medians between the aphakia and IOL groups, −0.08 to 0.11). The difference between binocular vision
and best-corrected monocular vision was within 0.1 logMAR (1 line) for 44 children (83%) in the aphakia
group and 49 children (91%) in the IOL group, greater than or equal to 0.1 logMAR for 5 children (9%) in
the aphakia group and 2 children (4%) in the IOL group, and less than or equal to −0.1 logMAR for 4
children (8%) in the aphakia group and 3 children (6%) in the IOL group (P = .43).

Discussion
At age 10.5 years, visual acuity outcomes in the treated eyes of children with unilateral congenital
cataracts who underwent surgery during the first 6 months of life were variable and were similar in
children who were initially left aphakic compared with those who underwent primary IOL implantation.
Twenty-five percent of these children had sufficiently good visual acuity in their treated eye to drive using
this eye if they were to lose vision in their untreated eye as a result of an illness or injury. However, in both
groups, 44% of children had unilateral visual impairment of their treated eye. We did note, however, that
the visual acuity of the subgroup of children in the aphakic group who wore a contact lens to age 10.5
years was better than in other subgroups.
These results are consistent with the previous work of IATS that showed substantial variability in visual
acuity outcomes, with 25% of children having good visual outcomes and nearly 50% having poor visual
outcomes.7,12,18 The similarity of these results to those presented earlier likely reflects that most adverse
events occur in these eyes prior to age 4.5 years19 and there is little risk of deprivation amblyopia after age
7 years.20 However, it was important to confirm these findings in this cohort of children when they were
visually mature, after the removal of study-imposed restrictions on secondary IOL implantation and after
the study no longer provided financial support for contact lenses and glasses. These results likely represent
the visual acuity that these patients will have as adults barring an injury or new disease process
developing.
The primary outcome of this randomized clinical trial was visual acuity. We had originally hypothesized
that visual acuity would be better in the IOL group since these children would be wearing at least a partial
correction for their treated eye at all times. However, we did not find a visual benefit to primary IOL
implantation; this finding, coupled with the increased incidence of visual axis opacities developing in eyes
with an IOL and the increased frequency of additional intraocular surgeries, led to our recommendation
that IOLs not be routinely implanted in the eyes of children undergoing unilateral cataract surgery when
aged 6 months or younger.12,21
We found that the subset of children in the aphakia group who continued to wear a contact lens to age 10.5
years had the best visual outcomes. It is likely that children who were successfully wearing a contact lens
during the elementary school years did not perceive a need for secondary IOL implantation. This finding
does not necessarily mean that a contact lens correction results in a better visual outcome than wearing
eyeglasses or having a secondary IOL implanted, because there were likely many confounding factors that
influenced the type of correction worn between ages 5 and 10.5 years. In future analyses, it will be
important to understand the factors that influence contact lens wear. The IATS group previously reported
that 81% of patients in the aphakia group wore a contact lens more than 80% of their waking hours up to
1
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age 5 years. The excellent contact lens adherence in the aphakia group may be partially due to the fact
that contact lenses were provided to participants at no charge until age 5 years. Thus, it is not clear to what
extent these findings are generalizable. Children who wore their contact lens for a greater proportion of
their waking hours tended to have better visual acuity at age 4.5 years. We did not assess contact lens
adherence between ages 5 and 10.5 years, but children who continued to wear a contact lens to age 10.5
years generally had excellent visual acuity in their treated eyes and likely perceived a visual benefit from
wearing a contact lens. Since the study provided limited funding for contact lenses between the ages of 5
and 10.5 years, cost may have been a factor for some children discontinuing contact lens wear after age 5
years.22 Children who continued to wear contact lenses were more likely to have private health insurance.
Although private health insurance does not usually cover the cost of contact lenses, contact lens use after
age 5 years is likely a surrogate for higher socioeconomic status since low-income families would have a
more difficult time paying for replacement contact lenses. The IATS group has argued that third-party
payers should pay for the cost of contact lenses for children with aphakia.23
The types of contact lenses used changed during the course of the clinical trial. The IATS group previously
reported that, at age 12 months, 74% of patients in the aphakia group were wearing silicone elastomer
contact lenses, 21% were wearing rigid gas-permeable contact lenses, and 5% alternated between wearing
both types of contact lenses.24 By age 5 years, the percentage of patients wearing silicone elastomer lenses
had decreased to 46%.25 At age 10.5 years, only one-third of patients who continued to wear contact
lenses were wearing silicone elastomer contact lenses, one-third were wearing rigid gas-permeable contact
lenses, and one-third were wearing hydrogel or silicone-hydrogel contact lenses. Presumably, more
patients were wearing hydrogel or silicone-hydrogel contact lenses at age 10.5 years because these lenses
are available in the lower powers needed for older children. The decreased use of silicone elastomer lenses
may have been due to the higher cost of these lenses and the higher incidence of deposits on these lenses in
older children.26,27 The higher cost and increased incidence of deposits may have offset the convenience
of these lenses being approved for extended wear.28 The use of rigid gas-permeable contact lenses may
have increased between the ages of 5 and 10.5 years because they are less expensive than silicone
elastomer lenses and are associated with fewer adverse events.29
Visual acuity was generally excellent in untreated eyes. However, it was reduced to 20/32 or worse in 9
patients. One of these patients had better visual acuity in their treated than untreated eye at age 10.5 years.
This patient was myopic in the pseudophakic eye and had high hyperopic astigmatism in the untreated eye.
Other studies have also reported worse vision in untreated eyes with hyperopic astigmatism in children
who have undergone unilateral cataract surgery and IOL implantation during early childhood.30 This
finding emphasizes the importance of striving to achieve the best possible visual outcome in an eye with a
unilateral congenital cataract since, in some instances, the treated eye will become the better-seeing eye.
The treated eye may become the better-seeing eye for more of these patients as they become adults owing
to the cumulative risk to the fellow eye of disease or injury. Binocular vision was similar to best-corrected
monocular vision in both treatment groups
Limitations
Limitations of this study include a lack of data regarding spectacle or contact lens adherence between ages
5 and 10.5 years and visual acuity was tested differently at each of the primary end points. At age 12
months, visual acuity was assessed by a masked examiner using forced preferential looking,7 at age 4.5
years, acuity was assessed using HOTV optotypes,12 and at age 10.5 years, acuity was assessed using the
E-ETDRS protocol. Different tests were used at each age to ensure that the testing was developmentally
appropriate. In addition, this study was not designed to compare different aphakic correction modalities
(contact lenses vs eyeglasses vs secondary IOL implantation), so the visual results for these different
subgroups should be interpreted with caution since there is a potential for confounding factors.
https://www-ncbi-nlm-nih-gov.medproxy.hofstra.edu/pmc/articles/PMC7042945/?report=printable
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Conclusions
Among children undergoing unilateral cataract surgery during infancy by expert surgeons, visual acuity
was similar in children receiving an IOL and those who remained aphakic (99% CI, −0.54 to 0.47). These
results are robust, having been replicated at 3 different ages (12 months, 4.5 years, and 10.5 years).
Furthermore, these visual results will likely persist into adulthood barring an ocular injury or disease since
these children are now beyond the sensitive period of visual development. The extent to which these
findings can be generalized to intervention by surgeons with less experience or children whose families
cannot afford the costs associated with contact lens wear should be taken into consideration when deciding
on a course of treatment for an infant with a unilateral congenital cataract.

Notes

Supplement 1.

Trial Protocol

Supplement 2.

Data Sharing Statement
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Figure 1.

CONSORT Diagram for the Infant Aphakia Treatment Study
IOL indicates intraocular lens.
a

Intraoperatively, stretching of ciliary processes was found; the investigator decided that an IOL could not be
safely implanted. The patient remained aphakic and was treated with a contact lens.
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Figure 2.

LogMAR Visual Acuity (VA) of Treated Eyes at Age 10.5 Years
The number above each bar refers to the number of patients in this acuity category. A, In the aphakia group,
median VA was 0.86 (Snellen equivalent, 20/145) (interquartile range, 0.30-1.46; Snellen equivalent, 20/4820/480). One patient had hand motion acuity (defined as logMAR, 2.64); 1, light perception acuity (defined as
logMAR, 2.78); and 1, no light perception (defined as logMAR, 2.93). B, In the intraocular lens (IOL) group,
median visual acuity was 0.89 (Snellen equivalent, 20/159) (interquartile range, 0.38-1.38; Snellen equivalent,
20/40-20/577) (P = .44). One patient had hand motion acuity.
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Figure 3.

Cumulative logMAR Visual Acuity (VA) of the Aphakia and Intraocular Lens (IOL) Groups at Age 10.5
Years
Cumulative VA in patients with hand motion acuity (defined as logMAR, 2.64) was 2 (2%); light perception
acuity (defined as logMAR, 2.78), 1 (1%); and no light perception (defined as logMAR, 2.93), 1 (1%).
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Figure 4.

LogMAR Visual Acuity (VA) of Untreated Eyes at Age 10.5 Years
The number above each bar refers to the number of patients in this acuity category. Median visual acuity was 0.02
(20/21) (interquartile range, −0.06-0.08) (Snellen equivalent, 20/17-20/24) and −0.02 (20/19) (interquartile range,
−0.08-0.08) (Snellen equivalent, 20/17-20/24) for the aphakia and intraocular lens (IOL) group, respectively (P =
44).
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